Abstract Individuals with Parkinson , s disease (PD)
Introduction
Rising from a chair is a daily function required for independent living. This task is particularly difficult for elderly individuals with musculoskeletal or neurological disorders. In a survey of 379 elderly persons with a diagnosis of arthritis, Parkinson , s disease (PD), multiple sclerosis, and other neurological disorders, 42% reported having difficulty with rising from a chair in the home (Munton et al. 1981) . Eighty-one percent of the 101 individuals with PD surveyed in a study reported having difficulty with rising from a chair (Brod et al. 1998) .
A recent analysis of sit-to-stand in healthy adults found that the task involves a distinct anticipatory postural component to move the centre of mass (COM) over the base of support, prior to a centrally programmed sequence of events to raise the body from the chair (Goulart and Valls-Sole 1999) . Anticipatory postural control is the activation of postural adjustments before voluntary movement to minimize potential disturbances to balance that the movement may cause (Shumway-Cook and Woollacott 1995) . It has been speculated that the inability to rise from a chair in persons with PD may be a result of altered anticipatory postural control and consequently a failure to bring the COM adequately forward over the feet prior to the lift-off of the buttocks from the chair (Morris 2000; Morris et al. 1997) . Such hypotheses have been fueled by reports of altered anticipatory postural control during tasks such as arm movements while standing in PD subjects (Latash et al. 1994; Rogers et al. 1987; Traub et al. 1980) , in addition to altered supplementary motor area function in PD, which has been linked to the performance of preparatory postural control during tasks such as finger movements (Cunnington et al. 1996) . However, no study has yet quantified the movement strategies used by individuals with PD to rise from a chair.
The purpose of this study was to describe the movement strategies underlying the ability of persons with PD to perform the STS. The kinematic and kinetic profiles underlying the movement to rise from a chair were compared among three groups: 1) individuals with PD in an , , on-medication state ,, (PD-on), 2) in an , , off-medication state ,, (PD-off) and 3) age-matched controls. We hypothesized that individuals with PD would exhibit altered anticipatory postural control which would include a reduced preparatory hip flexion and decreased forward displacement of the COM prior to lift-off of the buttocks from the chair.
Materials and methods

Subjects
Ten male subjects with PD (mean ±1 standard deviation; age=64.1 ±10.1 years; mass=84.0±4.5 kg; height=173.9±5.7 cm; time since diagnosis=4±1.5 years) were recruited from local PD support organizations and medical clinics. Male subjects were selected as the incidence of PD in males has been reported to be as much as twice as in females (Twelves et al. 2003) . Ten male age-matched control subjects (age=65.5±12.4 years; mass=80.1±9.7 kg; height=176.5±8.7 cm) were recruited from the community. Inclusion criteria for subjects with PD included 1) clinical diagnosis of PD for a minimum of 1 year, 2) ability to rise from a chair without the use of armrests in an off-medication state and 3) no other neurological, orthopaedic, or cardiovascular condition(s) which could affect their ability to perform the STS task. The PD subjects fulfilled published criteria for clinically definite Parkinson , s disease (Calne et al. 1992) and other forms of Parkinsonism had been excluded. In addition, subjects with PD were all responsive to levodopa (mean daily dose = 440 mg CR levadopa and 115 mg carbidopa). Four subjects also used Ropinirole (mean daily dose = 4.8 mg) and one subject used Bromocriptine (mean daily dose = 3.75 mg). All subjects were informed of the research procedures before they gave written consent. The experimental protocol was approved by the local university and hospital ethics committees.
Protocol
Subjects with mild PD were tested on two different days and were randomly assigned to commence the first testing in either an onmedication (PD-on) or off-medication state (PD-off). On both days, the motor section of the UPDRS (Fahn et al. 1997 ) and Hoehn and Yahr scale (Hoehn and Yahr 1967) were assessed. Testing commenced between 8:00 a.m. and 10:00 a.m. and required an overnight withdrawal of medications for the off-state testing (CAPIT guidelines) (Langston et al. 1992 ). The subjects with mild PD confirmed that the on-state testing day was typical of their usual , , on ,, functioning state. Control subjects were tested during a single morning test session. All subjects were asked to recall their physical activities and the time spent with each activity over the last week. Subjects sat on an armless, backless, knee height chair instrumented with a six component forceplate (Bertec, Columbus, OH) under the buttocks and two forceplates under each foot. The chair height was adjusted for each subject to allow for a 90°angle at the knee during sitting. The start position for each subject was with the feet 20 cm apart and with thigh support so that the distance between the anterior edge of the chair and the most anterior point of the patella was 20 cm. Subjects performed five sit-to-stand trials at their own pace (self-paced trials) on each day without the use of their arms. Two subjects required up to two additional trials to correct for obstructed body markers.
Infrared emitting markers were collected using an Optotrak (Northern Digital) imaging system to track bilateral fifth metatarsals, lateral malleolli, lateral knee joints, greater trochanters, iliac crests, clavicles and ears in the sagittal plane. Six seconds of Optotrak data were collected at a sampling rate of 60 Hz and synchronized to the forceplates, which were collected at 600 Hz. The sampling rates were selected to ensure adherence to the Nyquist Sampling Theorem (Winter and Patla 1997).
Data reduction
Data were analyzed for five self-paced trials for PD-on, PD-off, and for controls. The first five trials that did not have any obstructed markers were used for the analysis. The dominant side (as determined by self-report) of the controls was used to compare to the most affected side (as determined by self-report) of the subjects with PD. Seven of the ten PD subjects were most affected on their dominant side.
Marker data and forceplate data were low pass filtered at 6 Hz and 50 Hz, respectively. Relative joint angles of the hip, knee and ankle were calculated from the markers. Net body centre of mass was also calculated from the markers, in conjunction with anthropometric data (Eng and Winter 1993). Synchronized segment kinematics and forceplate data were used to calculate net joint moments at the ankle, knee, and hip, using an inverse dynamic model (Eng and Winter 1995; Winter 1990) commencing at the foot segment. Since only one forceplate was used under the buttocks, the reaction force under the buttocks was resolved into a left and right component (reflecting the left and right buttock/thigh, respectively). The reaction force was partitioned to each side based on the frame-by-frame location of the medial-lateral centre of pressure measure relative to the left and right greater trochanter markers (i.e., if the centre of pressure was midway between the left and right greater trochanters, the reaction force would be divided in half for each buttock) (Eqs. 1 and 2).
Where F Rb =right buttock reaction force, F Lb =left buttock reaction force, F=total reaction force under the buttocks, GT L =left greater trochanter medial-lateral position, GT R =right greater trochanter medial-lateral position, and COP=medial-lateral centre of pressure under the buttocks. Movement onset was identified from the forceplate under the buttocks as the initial increase in horizontal force beyond the quiet sitting baseline force level. Movement termination was identified as the point in time when the vertical movement of the right ear marker reached a plateau. The duration of the task was defined as the number of seconds to complete one STS maneuver. The STS was divided into two phases. The point at which the buttocks lift from the chair (lift-off) is a key event because body weight is transferred to the lower extremities and is also the time at which the hip and knee extensor moments peak (Ikeda et al. 1991; Schenkman et al. 1990 ). The first phase (preparation phase) was identified as movement onset to lift-off and the second phase (lift-off phase) from lift-off to movement termination with each phase comprising approximately half of the STS cycle (Table 1) . Joint angles and moments were time-normalized and ensemble averaged across five trials (i.e., mean and standard deviation at each percent of the STS cycle) so that 0% represented movement onset, 50% represented liftoff, and 100% represented movement termination. The magnitude of the joint moments was normalized by body mass in kilograms. Net body centre of mass (COM) was derived using the location of the joint markers and anthropometric tables (Winter 1990) . The horizontal COM moves continuously forward from onset of the STS movement to the end of the task. The forward COM displacements that occurred during the preparation phase and the lift-off phase were calculated.
Statistical analysis
The data were normally distributed as quantified with the ShapiroWilks statistic. Paired t-tests were used to determine whether subject characteristics (e.g., mass, activity level) were similar between the PD and control group. Randomized blocked (for subject) ANOVAs were used to compare the three groups (PD-on, PD-off and agematched controls) for 1) duration of STS, 2) magnitude and timing of peak lower extremity moments and joint angle displacements and 3) magnitude of the COM displacement during the preparation phase and lift-off phase (see Tables 1 and 2 for variables). An alpha level of .05 was used to identify significance and Tukey , s Test was used for pair-wise post-hoc analyses among the three groups.
Results
Subject characteristics and clinical tests
The modified Hoehn and Yahr scale was a median of 2. The motor UPDRS score (maximum of 108) was a mean of 11 (on-state) and of 17.4 (off-state). Thus, the severity of PD was mild in these individuals likely due to the inclusion criteria which required subjects to be able to rise from a chair in an off-state. There was no difference in the Hoehn and Yahr scale between an on-state and off-state. The presence of mild PD would reduce the possible effects of deconditioning, inactivity, or joint contractures which are often associated with advanced stages of PD.
The bradykinesia component of the UPDRS (items #23,24,25,26,31) was a mean of 4.7 and 7.2 in the on-state and off-state, respectively, out of a possible 36. Tremor was 1.5 and 2.6, in the on-state and off-state, respectively, out of a possible 28 (item #20 and 21). Rigidity was 2.2 and 3.7, in the on-state and off-state, respectively, out of a possible 20 (item #22).
All subjects scored 0 (normal) on item #27 of the UPDRS (rise from a chair with arms folded where 0=normal and 4=unable to arise without help) except for one subject who scored 1 ( , , slow, or may need more than one attempt ,, ) as he required more than one attempt to rise from the chair in both an on and off medication state. The number of hours of physical activity (generally moderate activities were reported, e.g., walking, golf, gardening) was similar between groups with the means of 2.7±2.1 and 2.6±1.7 h per week for the PD and control groups, respectively. There were no differences between the PD and control group for age, activity level, mass, or height.
STS kinematics and kinetics
The kinematic and kinetic variables are presented in Tables 1 and 2 . For all three groups (PD-on, PD-off, controls), a peak hip flexor moment at 26-27% of STS resulted in about 20°hip flexion, which was followed by a peak ankle dorsiflexor moment at 45-50% of STS and resulted in 7°dorsiflexion motion. This was followed by a peak knee and hip extensor moment near lift-off (50%), which extended the hip and knee into standing.
Time to rise from a chair Significant differences were found among the three groups for duration of the STS and the post-hoc analyses found that the duration of the STS for the PD-off was significantly slower than PD-on and controls (Table 1) . The duration of the STS for PD-on and the controls was the same (1.86 and 1.89 s, respectively).
Timing of the joint moments and angles during the rise from a chair
In general, the timing of the joint moments and angular displacements with respect to the lift-off was earlier for the PD-off and PD-on groups compared to the control group as demonstrated by an earlier peak hip and knee extensor moment and earlier peak hip flexion and ankle dorsiflexion angle (Table 1) . Of functional importance, the peak knee extensor moment was reached immediately prior to lift-off for subjects with PD (49%), but post lift-off (52%) for controls (i.e., occurred after body weight was transferred to the limbs) (Fig. 1) . Three PD-off subjects did not have a distinct hip flexor moment peak.
Magnitude of the joint moments and angles
Although the mean hip flexor moment for the PD-on and PD-off groups was greater in magnitude compared to the Peak ankle dorsiflexion angle (%) 56.7 (3.9) 57.0 (2.9) 58.7 (3.9) a mean of the control group, these comparisons did not meet statistical significance (p<0.07). Hip flexion displacement, however, was significantly greater and was 39% and 26% greater in the PD-off and PD-on groups, respectively, compared to the control group (Table 2 ). The knee extensor moment was 20% and 10% lower in the PD-off and PD-on, respectively, compared to controls, but the hip extensor moment was similar across groups (Table 2) . Ankle moment and angle magnitudes were similar across the groups, except for the ankle plantarflexion displacement, which was greater in the control compared to PD-on group.
Centre of mass displacement
The PD-off and PD-on groups displaced their net COM 8% and 13% more forward, respectively, compared to the controls during the preparation phase and then 7% and 17% less forward, compared to the controls during the liftoff phase ( Table 2 ). The COM displacement for the controls was similar in magnitude between the preparation and lift-off phase, while the PD groups had greater COM displacement for the preparation compared to lift-off phase.
Discussion
Time to rise from a chair
This study found that the time to rise from a chair was not significantly different between PD-on and controls. Therefore, kinematic and kinetic differences identified between these two groups cannot be attributed to the speed of rising. This is important to note since speed of rising has been reported to be an important factor that influences joint angles and moments used during the STS task (Pai and Rogers 1991). The finding that the PD-on group did not move slower than controls is likely due to the mild degree of PD in these subjects. The mean Hoehn and Yahr score was only 2.1 out of a maximum of 5. Secondly, the total UPDRS motor score, out of a maximum of 108 points, averaged only 11.0 for PD-on and 17.4 for PD-off.
Altered movement strategy
We had hypothesized that individuals with PD would show a reduced preparatory postural component to move the COM over the base of support prior to the lift-off of the buttocks from the chair. This hypothesis was based on clinical speculation (Morris 2000; Morris et al. 1997) , in addition to the literature which has demonstrated impaired anticipatory postural control during arm movements while standing in PD subjects (Latash et al. 1994; Rogers et al. 1987; Traub et al. 1980) . Furthermore, several studies have shown altered function of the supplementary motor area in PD due to its indirect connections with the basal ganglia (Cunnington et al. 1996; Grafton et al. 1995) . The supplementary motor is one structure thought to have a Fig. 1 Typical joints moments during the sit-to-stand. Solid line indicates PD-on state (ensemble-average of five trials for a subject with PD). Dashed line indicates control subject (ensemble-average of five trials for a control subject). 0% = start of sit-to-stand. 100% =end of sit-to-stand. Vertical line indicates lift-off major role with the preparation of movement (Brinkman 1984; Cunnington et al. 1996) and also specifically with anticipatory postural adjustments (Massion 1992; Massion et al. 1989) . However, our results did not support the hypothesis that individuals with PD do not move their COM adequately over the base of support prior to lift-off. Contrary to this hypothesis, we found that these subjects with PD exhibited an exaggerated hip flexion strategy and moved their COM further forward during the preparation phase than the controls. The finding that anticipatory postural control was not lacking may have been partly a result of the mild disease severity (median Hoehn and Yahr score of 2) in this subject group. The mild PD disease state was a result of the protocol which required subjects to complete the STS task. Secondly, we felt that this mild disease state was an advantage as it reduced potential secondary complications (e.g., joint contractures, inactivity, fear of falling) from influencing the task performance. In fact, our protocol did detect differences between the controls and PD-groups, however, the increased preparatory postural component in the PD groups was an unexpected finding. The hip flexion strategy found in these PD subjects may be a compensation for the early changes within the trunk segment (e.g., greater stiffness and reduced flexibility (Bridgewater and Sharpe 1998)) which precede the characteristic kyphosis of late PD. However, none of these mild PD subjects yet displayed any observable change to their trunk posture and all PD subjects were evaluated as normal on the UPDRS trunk posture subscore.
The hip flexion strategy could potentially compensate for the inability to generate lower extremity muscle force. This strategy places the COM further ahead and has the potential to redistribute the lower extremity moments. Alexander et al. (1997) reported that frail older adults who used a hip strategy had reduced knee and hip extensor moments while Doorenbosch et al. (1994) found that this strategy reduced the knee extensor moment, but increased the hip extensor moment in young adults. We recently reported that individuals with mild PD have substantial hip and knee extensor muscle weakness compared to agematched controls (Inkster et al. 2003) while others have reported a reduced rate of muscle force generation in PD (Corcos et al. 1996; Stelmach and Worringham 1998) . A reduced ability to generate force in PD could originate from both peripheral and central mechanisms. Reports of firing irregularities of single motor units in PD have been attributed to an alteration of central input to the motor neuron pool (Dengler et al. 1990; Glendinning and Enoka 1994) . In addition, increased type I fibres and decreased type II fibres have been reported in individuals with PD, suggesting peripheral muscle changes (Edstrom 1970; Rossi et al. 1996) resulting from the disease process or perhaps from impaired mobility and the resulting sedentary lifestyle.
Given that impaired balance is characteristic of individuals with PD, it is also possible that the hip flexion strategy is preferred as it reduces the balance demands by increasing the time that the COM stays within the base of support (Coghlin and McFadyen 1994) . Schultz et al. (1992) also suggested that postural stability at lift-off is a major determinant of the ability to rise from a chair and their biomechanical model showed that greater forward movement of the upper body over the feet was one effective method of increasing this stability.
Other key motor characteristics of the STS movement strategy in the PD subjects concur with the hip flexion strategy. The earlier peak knee extensor and hip extensor moment observed in the PD groups may be necessary to augment an upward projection of the body, or else the exaggerated hip flexion could potentially result in a fall forward. The lower knee moment found in the PD groups could also be a result of the hip flexion strategy because it has been previously reported that a hip flexion strategy reduces the knee extensor moment, increases activation of the hamstring muscles and reduces activation of the rectus femoris muscles (Doorenbosch et al. 1994) .
Clinical implications
Despite quantitative differences between subjects with PD and controls in STS performance, scoring on item 27 of the UPDRS (rise from a chair) was normal for nine of the ten subjects with PD and did not indicate signs of motor impairment. Thus, although these subjects had only mild PD and the UPDRS chair rise task scored normal, a movement analysis detected changes in the time to rise from a chair, the timing and magnitude of the joint moments and angles, and the COM trajectory. One of the problems with the UPDRS is that is relies on gradients of performance that must be visually discriminated. A , , slow ,, rise from a chair is categorized as a grade 1 on item 27 of the UPDRS while a , , normal ,, rise from a chair is categorized as a 0. However, there are many possible subdivisions of , , slow ,, which cannot be accounted for in this UPDRS item. Given that significant changes in STS performance can go undetected using only the UPDRS subscore, clinicians may want to augment their assessment using timed measures (e.g., mean time for five STS movements), as are traditionally used to evaluate gait performance.
Conclusions
It is important to understand why persons with PD have difficulty with rising from a chair in order to develop appropriate rehabilitation interventions. From this study, we believe that these individuals with mild PD demonstrated compensatory motor strategies, possibly due to a reduced ability to generate force in the lower extremities and a need for greater postural stability during the lift-off phase.
